in the Supplemental Data available cytosol of mammalian cells. These bacteria typically with this article online). In S. typhimurium-infected cells, occupy a membrane bound compartment, the Salmowe observed a strong signal for ubiquitinated proteins nella-containing vacuole (SCV), in host cells. We show that colocalized with the surface of bacteria present that some wild-type bacteria escape invasion vacuin the cytosol ( Figure 1B) . No signal for ubiquitinated oles and are released into the cytosol. Subsequently, proteins was observed to colocalize with bacteria prespolyubiquitinated proteins accumulate on the bacteent in LAMP-1 ϩ vacuoles (Figures 1B and 1C) . Additionrial surface, a response that was witnessed in several ally, no colocalization with extracellular bacteria was cell types. In macrophages but not epithelial cells, observed, confirming the specificity of the antibodies. the proteasome was observed to undergo a dramatic Recognition of cytosolic bacteria by the ubiquitin syssubcellular relocalization and become associated with tem was also observed in other cell types, including rat the surface of bacteria in the cytosol. Proteasome inhibrain neurons ( Figure S1B ). bition promoted replication of S. typhimurium in the To further examine the nature of ubiquitinated procytosol of both cell types, in part through destabilizateins associated with the surface of S. typhimurium in tion of the SCV. Surprisingly, the cytosol-adapted the cytosol, we stained infected cells with the FK1 mAb, pathogen Listeria monocytogenes avoided recogniwhich specifically recognizes poly-but not monoubiquition by the ubiquitin system by using actin-based motinated proteins [11]. This revealed that polyubiquititility. Our findings indicate that the ubiquitin system nated proteins had accumulated on S. typhimurium in plays a major role in the recognition of bacterial pathothe cytosol (see Figure S1C ). Because proteasomes degens in the cytosol of mammalian cells. 
To determine if the proteasome contributes to restricNext, we quantified intracellular replication of bacteria by using the gentamicin resistance assay [16] . As tion of S. typhimurium growth in the cytosol of macrophages [7] , we treated cells with epoxomicin, a potent shown, proteasome inhibition led to an approximately 4-fold increase in intracellular bacteria 5 hr after invasion and specific inhibitor of proteasome activity [15] . In untreated cells, the fraction of total S. typhimurium present ( Figure 3D) . Interestingly, the total number of intracellular bacteria was similar at 4 hr postinfection with or in the cytosol was maximal at 2 hr postinvasion and declined thereafter ( Figure 3A) . After inhibiting proteawithout epoxomicin ( Figure 3D ), despite the fact that there was an increased number of cytosolic bacteria some activity with epoxomicin, we observed a significant increase in the fraction of total bacteria present observed microscopically at that time point ( Figure 3A ). This observation suggests that proteasome inhibition in the cytosol at 4 hr. Similar results were seen after treatment with clasto-lactacystin ␤-lactone, another potentiated disruption of the SCV. We have previously demonstrated that endosome maturation inhibitors, proteasome inhibitor. In some cases, we observed large numbers of bacteria present in the cytosol of epoxosuch as the PI3 kinase inhibitor wortmannin, can pro- effect of proteasome inhibitors on SCV stability, it is significant that bacterial replication in the cytosol increased substantially under these conditions. Because the proteasome is recruited to the surface of S. typhimurium present in the cytosol, it may act directly on these bacteria to restrict their growth in this compartment. To address this question, we counted the number of cytosolic bacteria in infected cells and noted which cells displayed proteasome recruitment as shown in Figure 2 . For this analysis, we examined only cells that contained one or more bacteria in the cytosol, and thereby ignored bacteria present in vacuoles. The number of cytosolic bacteria present in cells that displayed proteasome recruitment was plotted separately from those cytosolic bacteria present in cells that did not ( Figure 3E ). This analysis suggested that a population of S. typhimurium underwent replication in the cytosol during the 6 hr postinfection period. Importantly, proteasome recruitment to the bacterial surface did not correlate with a change in the number of bacteria present in the cytosol over time. These findings suggest that proteasome inhibition promotes bacterial replication in the cytosol by an indirect mechanism.
We also examined the fate of S. typhimurium in the cytosol of epithelial cells. Consistent with previous studies [7, 8] In the absence of chloramphenicol, we observed a and redistribution from the nucleus was not observed ( Figure 5E ). Similar results were observed in ⌬actA mumixed population of L. monocytogenes, a small number of which colocalized with ubiquitinated proteins. Importants in the presence or absence of chloramphenicol ( Figure 5F ). To provide a control for these experiments, tantly, bacteria that were associated with actin-rich "comet tails" inside infected cells and that formed protuwe quantitated proteasome recruitment to the surface of S. typhimurium ( Figure 5G ). How the proteasome is berances at the plasma membrane did not colocalize with ubiquitinated proteins ( Figure 5B ). These bacteria specifically recruited to S. typhimurium and not L. monocytogenes in the cytosol of macrophages remains to be represent viable organisms, employing the well-described pathogenic strategy of this microbe [19] . Because chlordetermined. . Their findings and our own suggest that the proteasome is recruited nated proteins to the same extent as the ⌬actA mutant ( Figure 5D) . to the surface of S. typhimurium in the cytosol, where its activity is upregulated by the high LPS content of the Our findings demonstrate that L. monocytogenes avoids recognition by the ubiquitin system by using acbacterial surface. Proteasome-mediated degradation of S. typhimurium proteins may restrict the growth of these tin-based motility. Other cytosol-adapted pathogens (e.g., Shigella flexneri, Rickettsia ricketsii) also utilize bacteria in the cytosol. In support of this notion, proteasome inhibition promoted replication in the cytosol of actin-based motility [22], possibly to avoid recognition by the ubiquitin system in the same manner as L. monomacrophages. However, our analysis suggests that this may be an indirect effect through destabilization of the cytogenes. Surprisingly, the proteasome was not recruited to the surface of L. monocytogenes in the cytosol SCV and thus highlights an important (though undefined) role for the proteasome in endosome maturation. At the of macrophages under any conditions that we tested, 
Recent evidence indicates that mammalian cells can amphenicol treatment impaired actin-based motility (not

